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Abstract 
For an optimal design and a correct interpretation of signals from an optical laser welding 
monitoring system it is necessary to know the spectral content of the light emitted by the weld 
plume. In this paper experiments are discussed in which a spectroscopic analysis of the laser 
keyhole welding process of AA5182, FeP04 and CuNi90/10 is performed. From three different 
positions spectral measurements were taken in the wavelength range of 200 to 1100 nm. 
Reflection of the Nd:YAG radiation was the strongest during the welding process of AA5182, 
followed by CuNi90/10. The measurements reveal that the weld plume is weakly ionized. 
However no reliable temperature estimations could be made due to the uncalibrated nature of the 
measurements and the low spectral resolution. Comparing the spectra from different measurement 
positions reveals that for FeP04 and CuNi90/10 the weld pool behaves like a specular reflector. 
Keywords: Nd:YAG laser welding, aluminium laser welding, copper laser welding, monitoring, 
spectroscopy 
Introduction 
In industry there is a strong demand for a reliable 
method to produce high quality laser welded joints. An 
optical camera based monitoring system could aid 
greatly in increasing the first-time-right percentage. To 
optimally design such a system, it is essential to know 
the spectral content of the emitted light. This knowledge 
also aids in a correct interpretation of the camera images 
and gives insight in the welding process itself. 
 In literature many camera or photodiode based 
monitoring systems are described (see [1] and 
references therein). However only a limited number of 
these publications deal with the exact spectral content of 
the welding process (e.g. [2, 3, 4, 5]).  
 Another problem in designing a monitoring 
system is the fact that the spectral content of the optical 
welding emissions is highly dependant on the chemical 
composition of the sample. 
 This paper discusses the results of broadband 
spectral measurements conducted during the CW 
Nd:YAG laser welding of AA5182, FeP04 and 
CuNi90/10. The measurements were taken in a 
wavelength range of 200 to 1100 nm. In previous 
experiments the spectral content of AA5182 was 
already measured in the wavelength range of 600 to 
1600 nm [6].  
 
Experimental Setup 
The experiments were conducted using 1.1 mm 
AA5182, 1.0 mm FeP04 and 1.0 mm CuNi90/10. In 
table 1 the mass percentage of the elements composition 
present in these materials is given. 
Tab. 1: Mass percentage of the elements present in the 
sample materials. 
Material Element Mass % 
AA5182 Al 94.640 
 Mg 4.900 
 Mn 0.260 
 Cu 0.110 
 Si 0.080 
 Ti 0.010 
FeP04 Fe 99.589 
 Mn 0.227 
 Al, C 0.047 each 
 Cr, Ni 0.020 each 
 S 0.013 
 P, Sn, Cu 0.010 each 
 Si 0.005 
 Mo 0.002 
CuNi90/10 Cu 87.379 
 Ni 10.020 
 Fe 1.716 
 Mn 0.782 
 Ti 0.019 
 Mg, Co 0.018 each 
 Si 0.016 
 Zn 0.011 
 Pb, P, Cr 0.003 each 
 Sn, S, B, Al, Zr, C 0.001 each 
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 The welding experiments were carried out 
using a 4 kW Trumpf THL4006D CW Nd:YAG laser 
source connected to a 0.6 mm core diameter optical 
fiber. The laser light was focussed on to the sample 
using a standard Trumpf welding head with a 200 mm 
collimator lens and a 150 mm focussing lens, resulting 
in a laser focus diameter of 0.45 mm. The sample was 
moved under the laser spot using a XY manipulator, 
controlled by a DMC1000 Galil motion controller. 
During the welding process Ar shielding gas was used 
for both the top and backing gas flow.  
 The spectral measurements were conducted 
using a HR2000 Ocean Optics spectrometer with a 0.2 
mm optical fiber and a small quarts lens. This 
spectrometer is equipped with a 2048 element CCD 
array and a grating with 300 lines/mm. The 
configuration used resulted in an optical resolution of 2 
nm. The spectrometer was used in an uncalibrated 
mode. 
 In figure 1 a schematic overview of the 
measurement setup is given. Here we can see that three 
different measurement positions have been chosen. In 
the first position the angle of the optical axis of the 
measurement system with the sample is about 0o. In the 
second measurement position this angle is about 65o. In 
position III the measurements are taken coaxial with the 
high power laser beam, using the dichroic mirror in the 
welding head.  
 
Results and Discussion 
Measurements 
The welding experiments were carried out using 1.1 mm 
AA5182, 1.0 mm FeP04 and 1.0 mm CuNi90/10 in a 
bead-on-plate configuration. The welding parameters 
were not changed during the experiments. The values 
used resulted in a full penetration keyhole weld in all 
the selected materials and are given in table 2. Prior to 
welding the plates were degreased. 
Tab. 2: Overview of the experimental parameters.  
Seam configuration Bead-on-plate 
Laser light wavelength 1064 nm 
Laser power 2000 W 
Welding speed 60 mm/s 
Shielding gas Ar 
Top gas flow 1360 l/h 
Backing gas flow 340 l/h 
Focal distance 150 mm 
Spot diameter 0.45 mm 
Spot position At the top surface of the 
sample 
Spectral range 200 – 1100 nm 
 
The spectrometer used an integration time of 2 ms and 
collected spectra with a speed of about 10 Hz. Each 
measurement was carried out twice to ensure 
repeatability, resulting in about 20 useful spectra per 
material and measurement position. These spectra were 
corrected for background radiation, normalized to 
correct for overall intensity fluctuations of the weld 
plume and subsequently averaged. The resulting spectra 
are given in figure 2a to 4c. 
 Analyzing these spectra, the following features 
can be observed. In all of these figures there is a very 
pronounced peak visible around the wavelength of the 
Nd:YAG laser (1064 nm). Due to the high intensity the 
measured spectrum around this wavelength is 
completely dominated by this laser radiation. The fact 
that the peak is significantly broader for the top and 
coaxial measurement position is attributed to a 
blooming effect on the CCD array in combination with 
a higher intensity of Nd:YAG radiation reaching the 
CCD array in these measurement configurations. It was 
also found that the base of the Nd:YAG peak in the 
absolute measurements was the narrowest for FeP04 
and the widest for AA5182. This indicates that for the 
tested materials AA5182 reflects the most laser 
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Fig. 1: Schematic overview of the measurement setup 
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radiation during laser welding, followed by CuNi90/10.  
 Analyzing the AA5182 and the CuNi90/10 
spectra for measurement position II and the AA5182 
spectra for measurement position III before averaging 
(figure 3a, 3c and 4a), it became clear that these 
measurements show a very non-reproducible behaviour 
in the range of 200 to 1000 nm. This behaviour could be 
caused by internal reflections of the Nd:YAG laser light 
inside the spectrometer. To avoid misinterpretation of 
these measurements these data are not shown in the 
figures. 
 
Temperature Radiation 
The spectral content of the emitted light has a close 
relation with the temperature of the weld plume. The 
more the laser light is absorbed by the weld plume, the 
higher the average plume temperature will be and the 
higher the degree of ionisation will be inside the plume. 
Previous spectral measurements ([2], [6]) indicated that 
the weld plume is only weakly ionized during the 
Nd:YAG laser welding of aluminium. Also figures 2 to 
4 indicate that a large part of the emitted light has a 
broad band character, which is caused by temperature 
radiation.  
 The intensity I of the temperature radiation 
emitted by a body of temperature T can be described by 
[7] 
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Here IBB is the radiation as it is emitted by a black body 
of temperature T, with h the Planck constant, c the speed 
of light, λ the wavelength of radiation and kB the 
Boltzmann constant. ε represents the emissivity of the 
plume, which is a function of the temperature and the 
wavelength and can have a value between 0 and 1. 
However this temperature and wavelength dependency 
of ε is unknown, which poses difficulties for 
temperature estimations using the temperature radiation. 
 The spectral measurements were not calibrated, 
which means that no correction was made for the 
wavelength dependency of the optical path and the CCD 
array sensitivity. This combined with the fact that the 
weld plume consists of a temperature distribution rather 
than a well defined temperature makes it impossible to 
reliably estimate an average temperature based on the 
temperature radiation from these spectra.  
 
Emission Lines 
Besides the peak of the Nd:YAG laser light, several 
other larger and smaller peaks can be identified in the 
different spectra, corresponding to combined emission 
lines of atomic and molecular elements in the weld 
plum. 
 Like the temperature radiation, the shape of the 
emission lines can be used to calculate the average 
plume temperature. This can be done in several ways 
[8]. However the spectral resolution of the measured 
spectra is not high enough to visualize individual 
spectral lines of elements in the plume. This makes it 
impossible to use these kinds of temperature estimation 
methods.  
 In table 3 an overview is given of peaks that 
were found in the spectra taken from measurement 
position I (figures 2a to 2c). It can be concluded that for 
AA5182 the weld plume contains Al and Mg atoms and 
AlH molecules. During the laser welding of FeP04 there 
are Fe and Mn atoms and Fe2+ ions present in the plume. 
For CuNi90/10 only Cu+ ions could be positively 
identified. Note that the number behind the elements 
indicates how many emission lines contribute to the 
peak. 
Tab. 3: Identified peaks in the measured spectra.  
Material Wavelength 
[nm] 
Element Peak height
AA5182 395 Al (2x) strong 
 426 AlH (1x) weak 
 517 Mg (2x) weak 
 670 Al (2x) fairly strong
FeP04 373 Fe (5x) fairly strong
 382 Fe (6x) weak 
 385 Fe (9x) weak 
 388 Fe (7x) weak 
 392 Fe (4x) weak 
 403 Mn (5x) fairly strong
 438 Fe (2x) 
Fe2+ (3x) 
weak 
 516 Fe (4x)  
Fe2+ (1x) 
weak 
CuNi90/10 491 Cu+ (2x) weak 
 
 Besides the identified peaks in table 3, there 
are several other peaks that could not be identified with 
certainty. The peaks around 589, 766 and 769 nm draw 
special attention since they are very strongly present and 
occur in all of the spectra from measurement position I. 
It was verified that these peaks could not be caused by 
the laser source. This indicates that these peaks are 
caused by emission lines of elements that are present 
during all of the conducted welding experiments. 
Comparing these measurements with similar spectra 
from literature [5] it was found that these peaks were 
also present during the laser welding process of 
AA6082. Further measurements are necessary to 
positively identify the source of these peaks. 
 
Influence Measurement Position 
If we compare the spectra from measurement position I, 
II and III we have to keep in mind that the optical path 
in measurement position III contains a dichroic mirror 
with a wavelength dependant reflectance, which 
influences the shape of the spectrum.  
  When the spectra from the three measurement 
positions for FeP04 and for measurement positions I and 
III for CuNi90/10 are compared, a few observations can 
be made. First of all the strength of the Nd:YAG peak 
increases when the optical axis of the measurement 
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system goes towards the normal of the sample surface. 
This indicates that the weld pool behaves more like a 
specular reflector than as a diffuse reflector for the 
Nd:YAG radiation. Furthermore the broadband shape of 
the spectrum is comparable for the different 
measurement positions. However in the spectra of 
position I the peaks are more pronounced than in the 
spectra of position II and III. This can be caused by the 
fact that in measurement position I the temperature 
radiation coming from the sample surface cannot reach 
the spectrometer. For measurement position II and III 
both the radiation from the plume and from the sample 
surface are measured. This means that for the situation 
in position II and III the ratio between temperature 
radiation and light resulting from emission lines from 
elements in the plume is larger. However the relative 
height of different peaks seems to be independent of the 
measurement position.    
 Since for AA5182 only the spectrum from 
measurement position I can be used, it cannot be 
verified from these measurements what the directional 
dependence of the emission spectrum will be.  
 
Conclusions 
The main conclusions that can be drawn from these 
measurements are the following: 
1. During the CW Nd:YAG laser welding process 
of AA5182, FeP04 and CuNi90, the former 
reflects the most Nd:YAG radiation, followed 
by CuNi90/10. 
2. The spectra indicate that the ratio between 
temperature radiation and emission lines is 
large, indicating that the weld plume is only 
weakly ionized.  
3. Due to the uncalibrated nature of the 
measurements it is not possible to reliably 
estimate an average plume temperature based 
on the temperature radiation. 
4. As the spectral resolution of the measurements 
was too low it is not possible to distinguish 
individual emission lines for an estimate of the 
average plume temperature based on the shape 
of emission lines in the spectra. 
5. The fact that the strength of the Nd:YAG peak 
in the spectra increases if the measurement 
angle approaches the sample surface normal, 
indicates that the weld pool behaves more like 
a specular reflector than as a diffuse reflector 
for the FeP04 and CuNi90/10 welding process.   
6. When the measurement angle approaches the 
sample surface normal, the amount of 
temperature radiation in the measurements will 
increase, due to contributions of the 
temperature radiation originating from the 
sample surface.  
 
Acknowledgements 
This research was carried out under the project number 
MC8.02116 in the framework of the Strategic Research 
Program of the Netherlands Institute of Metals Research 
(www.nimr.nl).  
 The authors would like to thank Marco Lentjes 
of the Laserzentrum FH for his technical and scientific 
support. The authors also wish to thank Corus for their 
continuing support. 
 
Bibliography 
[1] Duley, W.W.: Laser Welding. John Wiley and 
Sons, Inc (1999) 
[2] Matsunawa, A.; Kim, J.D.; Takemoto, S.; 
Katayama, S.: Spectroscopic Studies on Laser 
Induced Plume of Aluminium Alloys. In: Proc. 
of the 14th International Congress on 
Applications of Lasers & Electro-Optics, Nov. 
13-16, 1995, San Diego, California USA,      
719-728  
[3] Müller, R.E.; Gu, H.; Ferguson, N.; Ogmen, M.; 
Duley, W.W.:Real Time Optical Spectral 
Monitoring of Laser Welding Plumes. In: Proc. 
of the 17th International Congress on 
Applications of Lasers & Electro-Optics, Nov. 
16-19, 1998, Orlando, Florida USA, C132-C138  
[4] Palanco, S.; Klassen, M.; Skupin, J.; Hansen, K.; 
Schubert, E.; Sepolt, G.; Laserna, J.J.: 
Spectroscopic diagnostics on CW-laser welding 
plasmas of aluminium alloys. Spectrochimica 
Acta Part B (2001) 56, 651-659 
[5] Müller-Borhanian, J.; Deininger, C.: Dausinger, 
F.H.; Hügel, H.: Spatially Resolved On-Line 
Monitoring During Laser Beam Welding of Steel 
and Aluminum. In: Proc. of the 23rd International 
Congress on Applications of Lasers & Electro-
Optics, Oct. 4-7, 2004, San Francisco, California 
USA 
[6] Aalderink, B.J.; Aarts, R.G.K.M.; Jonker, J.B.; 
Meijer, J.: Study of the Optical Emissions 
During Nd:YAG Laser Welding of AA5182. In: 
Proc. of the 23rd International Congress on 
Applications of Lasers & Electro-Optics, Oct. 4-
7, 2004, San Francisco, California USA 
[7] Hecht, E.: Optics. Addison-Wesley, third edition 
(1998) 
[8] Thornton, M.F.: Spectroscopic Determination of 
Temperature Distributions for a TIG Arc. PhD 
thesis, Cranfield Institute of Technology (1993) 
 
University of Twente: 
B.J. Aalderink (M.Sc.) 
NIMR/Laboratory of Mechanical Automation 
P.O. Box 217 
7500 AE Enschede 
THE NETHERLANDS 
phone: +31(0)53-489 4846 
fax: +31(0)53-489 3631 
e-mail: b.aalderink@nimr.nl 
  5
 
 
Fig. 2: Measured spectra for respectively AA5182, FeP04 and CuNi90/10 in measurement position I 
 
Fig. 3: Measured spectra for respectively AA5182, FeP04 and CuNi90/10 in measurement position II 
 
Fig. 4: Measured spectra for respectively AA5182, FeP04 and CuNi90/10 in measurement position III 
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